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Agenda

« Status and Update — Woon-Seng Choong (20 min)

* Work at University of Manitoba — Andrew Goertzen (10 min)
* Work at Rush University — Kosta Popovic (10 min)

* Work at UC Davis — Martin Judenhofer (10 min)

*Q&A
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Outline

* Introduction
« Hardware Status
 Firmware and Software Status

* New Improved Website
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OpenPET Vision

Open Source
Hardware, Firmware, and Software
Schematics, Gerbers, BOM,...
Standardized Architecture
High-Performance, Flexible, Scalable
Software Readily Transportable
Active User Community
Share Software and Expertise
Module, Calibration, DAQ, Display...

OpenPET is the GATE of
Nuclear Medical Imaging Electronics
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OpenPET Hardware Architecture

————————————————————
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Control —
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Small System

Host PC

Detector
Unit

* 1 Support Crate, Up To 8 Detector Boards
* Up to 256 Analog Inputs (64 Block Detectors)
* PC Interface Board Connects to PC
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Standard System

CuU

MB-1
MB-1
MB-1
MB-1
MB-1
MB-1
MB-1
MB-1

Host PC

A

O O ... (up to eight) o
DUO DU1 DU7

* Up To 8 Detector Units, 1 Coincidence Units
* Up to 2048 Analog Inputs (512 Block Detectors)
» Coincidence Interface Board Connects to CU
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OpenPET Hardware (v1.0): Small System

16-channel Host PC
Support Board VME chassis Detector Board Interface Board

Customized Input
Adapter Board
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OpenPET Hardware (v1.0): Getting Started

For a minimum small system
* One Support Board.
* One 16-Channel Detector Board
 One VME chassis

Additional required hardware
* QuickUSB module: Bitwise Systems, part number QUSB2
« USB-Blaster Cable: Terasic, Digi-Key part number P0302-ND

 All electronics boards can be purchased through Terasic
(http://www.openpet.terasic.com)

- VME chassis can be purchased through Eima.
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Detector Boards

* 16-Channel Detector Board
- Available for purchase from Terasic.
« 32-Channel Detector Board (based on conventional design)
- Design is complete (see poster M19-15).
- Layout is in progress.
« 32-Channel Detector Board (based on DRS4)
- Design to start next year.
- Expect to be available in 1-2 years.
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16-Channel Detector Board

2 MB
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polarity inputs :
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16-Channel Detector Board

x16 for each 16-ch Detector Board

| |
| . |
! Filter 12-bit 4
! 7MHz ADC U
| ADS5282 | |
! LTC6605-7 !
| (+5V) |
|
: OPA2694 .
! (+/-5V) Slow Comparator  gg to LVDS !
I + :
|
I IN / I/ : G
: | MAX964 ! FPGA
! Threshold Adjust :
! (1 - 4000 mV) !
| |
: ast Amp Fast :
: Comparator PECL to LVDS !
: l .
I I :
|
| |
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Logic Analyzer

16-Channel Detector Board
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Firmware / Software (v1.0)

“Oscilloscope” Mode for Small System
DB FPGA Module SB FPGA Module

- > Triggering Coincidence
Processing
TDC > Processing l  J
—>-—" Multiplexing FIFO
Formatting [ Multiplexing
SRAM |

v
~ Completed v | [ oo
Partially Completed / In Development




Firmware / Software (v1.0)

Firmware on 16-Channel DB and SB to control the hardware and acquire
“oscilloscope” mode data via USB (sampled waveforms are read out to be
processed and analyzed offline) (see poster M11-27).

« Two command line executables

1) opet_cmd _usb - control/configure the system.

2) opet_acq_usb - acquire data.
* A User’s Guide (v1.0) is available for users to get started.

» All design files and sources are managed by a distributed version control
system (Mercurial) hosted by Bitbucket, and also distributed through the

OpenPET website.
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Control and Analysis Tools (CAT) v1.0

» An optional data acquisition and analysis software for the OpenPET electronics

based on the ROOT framework.

* Macro or script files can be used to run the system.

* A GUI has also been developed to run the system.

@ OpenPET Control and Analysis Tools

@ OpenPET Control and Analysis Tools

==
| Eile | Eile
Configure System | Acquire Data | Display Waveform | Generate ROOT File | Display Hitmap | Display Energy Histograms | Configure System | Acquire Data Display Waveform | Generate ROOT File | Display Hitmap | Display Energy Histograms |
16ChLBNL
System configuration file path: [C: \Users\seng\Docunents\OpenPET\repoNcat exanples oB tpe:[ =] Datamode:[ o Dataformat [ Number of ADC samples: 32 Number of skipped events
Selected DataFile: [c. /Users/seng/Docunents/OpenPET/repo/cat/exanples/20140911_105207_openpet .dat. Load Data File Tﬂidwatehu:tlm' reefﬁ}stem
Node Type: [4 Command Engine Type: [0 Acquire Engine Type: [0 Types: 0=usb, 1=ethemet T B B e
CommangEnginen: [0 AcureEngnes: [0 etorm 40 453_ch0) et b0 463 cht [ waveorm, 40 ek chd
1B Prefix DB Prefix DB Configuration File b E
13 1 a o F
B MBO_DUO_DB a H E
15 1
WB Addresses DB Type xwxend Channel Enablexxx 3 e
16ChIBENL *%*Tining Threshold*x* =, = h E d
# Channel DAC(V) § i S
DB Addresses 0 0.1
1 0.1 avetom, 0 402 chd o, b 40 2k b6 waveorm, 40 ek 7
2 0.1 N o — .
3 0.1
4 0.1 "3
5 0.1 sl
6 0.1 E
7 0.1 o d n
8 01 F
DU Prefix 9 01 E " -
10 01 3
MBO_DU 11 01 U UL U £
12 01 d oo S S B
DU Addresses Reconfigure System 13 0.1
— H 0t wvatom_0_0_450_ch8 htorm_mb0_40_880_cho natom_ob0_640_3_ch10
xxxend Tining Thresholdwxx “F
*xxEnergy Thresholdsxx E
# Channel DAC(V)
0 0.2
1 0.2
2 0.2 “
3 0.2 s
4 0.2
5 0.2 =
6 0.2
7 0.06
8 0.06 wintorm,mbd_00_oba_cht2 Wi, mb0_a0_eha_ 13 netom b0, 40_a_chts it mb0_40_880_ S
9 0.06 =
10 0.06
11 0.06 S e |
12 0.06 -
Toinitialize system, read in system configuration file from file menu OR reconfigure the system  nitialize System e o ouf o o] 3 Event |
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OpenPET Website (openpet.lbl.gov)

openPel

General Purpose Readout Electronics for Radionuclide Imaging

Home News About Documentation Purchase Downloads Forums Users Developers Contact Us Q

OpenPET is...

Electronics: It is an electronics system consisting of circuit boards, firmware and
software for people who are building prototype PET and SPECT imagers.

High Performance: The timing resolution, spatial resolution, energy resolution and
throughput will be limited by your detectors rather than the readout electronics.
Flexible: Virtually any kind of detector, camera configuration and event word defini-
tion will be supported.

Scalable: Virtually any size imager will be supported, from a single detector to thou-
sands of detectors.

Modifiable: FPGAs are used extensively, so changes can generally be made via soft-
ware (rather than having to make new circuit boards).

Open Source: Source code for the firmware and software will be publically available,
as well as all the documentation needed to make the circuit boards.

User Friendly: Our goal is to make it easy for you to use these electronics for your
imager. Documentation and instructions will be provided. We also hope to develop a
user community that will share both code and expertise.

In Need of YOUR Input: We want comments and suggestions on our specification
from potential users. We want to make sure that OpenPET will work for YOU. Please
email your comments to openpet@Ibl.gov

Login Register
License Acknowledgement
Privacy, Copyright, & Disclaimers

Search ...

Choong, IEEE NSS-MIC, November 13, 2014 17



OpenPET Website (openpet.lbl.gov)

openPel

General Purpose Readout Electronics for Radionuclide Imaging

Home News About Purchase Downloads Forums Users Developers Contact Us Q

= OpenPET User’s Guide
= Version 1.0 (Latest)

= OpenPET Developer’s Guide
= To Be Published

Login Register Search ...
License Acknowledgement

Privacy, Copyright, & Disclaimers

Choong, IEEE NSS-MIC, November 13, 2014 18



OpenPET Website (openpet.lbl.gov)

Pd 4

W, LerBSIG.com

FORUM | MEMBER | CONTACT US | | Languages: &

News & Events About Terasic Products Turnkey Solutions Training

Design Service
“ English OpenPET
I
Il

Product:

3 . . DE Main B;B,ds W Overview Layout Resources Order Now
General Purpose Readout Electronics for Radionuclide Im  swx OpenPET

» Cyclone
Be the first of your friends to ke this.
Home News About Documentatio Downloads Forums Users Dew SoC Platform
» Cyclone *Please visit openpet.Ibl.gov for more information on the specification:
» Arria http://openpet.lbl.gov/

Bundile Solution Support Board-(USD) $3,382

The electronics boards can be purchased through Terasic.

All FPGA Main Boards
» Stratix V

» Stratix IV

» Stratix IIl

The VME crate can be purchased through Elma. See specification here.

» Artia V
» Aria Il

» Cyclone V
» Cyclone IV
» Cyclone Iil
» Cyclone Il

Login Register Search ...

License Acknowledgement Daughter Cards

» Multimedia

Privacy, Copyright, & Disclaimers
» Interface Conversion
LBNL 16-Channel Detector Board-(USD) $3,780
» Video & Image
» Networking

» AD/DA
USB Blaster Cable
Software

Components
» Adapters
» Cables

EEEEEEEEEEEEEEEE

» Extras

Phased Out
» Main Boards

» Daughter Cards
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OpenPET Website (openpet.lbl.gov)

openPEl

General Purpose Readout Electronics for Radionuclide Imaging ; : el ' PE |
Home News About Documentation Purchasrums Users Developers Contact il

General Purpose Readout Electronics for Radionuclide Imaging
= Hardware (PCB schematic, layout, bill of materials, etc) Home News About Documentation Purchase Downloads Forums Users Developers Contact Us Q

= Firmware & Software (HDL source code, Altera projects, C, C++, Python, etc)

By downloading, installing, or using files provided on
this OpenPET website, you are indicating your

acceptance of the terms and conditions hearin.
Login Register Search ...
icense Acknoudefgement

- i If you would like to contribute to this project, please request a ‘developer’ account.
Privacy, CopyMght, & Disclaimers

Firmware and Software
= v1.0 (Binary) (Source) (Repository) (Release Notes)
Optional Software Tools

. = OpenPET Control and Analysis Tools
M u St be reg I Ste red a n d = vl1.1(Package) (Doxygen) (Repository)
= v1.0 (Package) (Doxygen) (Repository)
= Troubleshooting Diagnostics MATLAB code

login to view and download

& Edit

Login Register
License Acknowledgement
Privacy, Copyright, & Disclaimers

Search ...
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OpenPET Website (openpet.lbl.gov)

General Purpose Readout Electronics for Radionuclide Imaging

Home News About Documentation Purchase Downloaers Developers Contact Us Q

omerronm m

Forum Topics Posts Freshness

Developers Discussion 1 1 No Topics
This forum is used by developers and contributors to OpenPET

Firmware (1, 0), Hardware (0, 0), Software (0, 0)
Users Discussion 3 9 1day ago

OpenPET general users use this form to discuss hardware, firmware, Faisal
and software topics. (Not development related)

Login Register Search
icense Acknewrfedgement

Privacy, CopyNght, & Disclaimers

Must be registered and
login to post and reply

Choong, IEEE NSS-MIC, November 13, 2014 21



Summary and Future Work

« Version 1.0 of the OpenPET electronics system has been released for users to
get started.

« Electronics boards are available for purchase through Terasic.

« All design files, firmware, software are available for download through
openpet.lbl.gov and also hosted in Bitbucket with Mercurial.

A new improved website has been developed.

« Many shortcuts were taken in developing the firmware (v1.0), so we are going
back to clean up and document the codes and improve on the firmware design.
Additional firmware functionalities (SRAM lookup, singles event processing,
high-performance TDC, etc) will be developed for upcoming releases.

* A User’'s Guide is available. Working on a Developer’'s Guide.
« Working on getting a Standard System started.

« An OpenPET lab will be set up at Berkeley in early 2015 to allow potential
users to test and evaluate the OpenPET electronics before purchasing.

« A number of groups have adopted the OpenPET electronics in their projects
and we will hear from them.

Go register at openpet.lbl.gov
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Progress towards the development

of an OpenPET Based MRI
Compatible PET Insert

M.S. Khanl, E. Shams?, L. Lamwertz!, P. Kozlowski3, F.
Retiere*, G. Schellenberg>, V. Sossi®, G. Stortz®, J.D.
Thiessen’8, C.J. Thompson® and A.L. Goertzen?>8

1Department of Electrical and Computer Engineering, University of Manitoba, Winnipeg, Canada
2Biomedical Engineering Graduate Program, University of Manitoba, Winnipeg, Canada
3Department of Radiology, University of British Columbia, Vancouver, Canada
“Detector Development Group, TRIUMF, Vancouver, Canada
>Department of Physics & Astronomy, University of Manitoba, Winnipeg, Canada
6Department of Physics & Astronomy, University of British Columbia, Vancouver, Canada
7Lawson Health Research Institute, London, Canada
8Department of Radiology, University of Manitoba, Winnipeg, Canada
Montreal Neurological Institute, McGill University, Montreal, Canada

OpenPET Users Meeting, IEEE MIC 2014, Seattle, WA

»
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PET System Design Goals

Fit within Bruker BGA12
gradient coil (114 mm
diameter) for 7T MRI
Axial FOV:

— 1stgeneration: 2.5 cm
— 2nd generation: 9 cm

Transaxial FOV of 5.5 cm

Spatial resolution:
— 1St generation: <1 mm
— 2" generation: < 0.75 mm

Allow simultaneous PET &
MR imaging

Health Sciences Centre
Winnipeg

UNIVERSITY
oF MANITOBA




PET Ring Gantry

114 mm

Health Sciences Centre UNIVERSITY
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PET Detector Rev. 5

Mini-HDMI Differential 2 x ArraySB-4
Connector Amplifiers Silicon Photomultipliers
A
- LEL ; &0 :
=
_ =
Multiplexing Resistors fl\ Temperature LYSO Top: 9 x 21, (1.2x1.2x4) mm? crystals

(underneath) Sensor Array Bottom: 10 x 22, (1.2x1.2x6) mm?3 crystals



Detector Interface Board/Slow Control System

— — — — — — — —

Four detectorsare connected to each board. \

Raspberry

Analog Control

P I There are 4 identical replicas of this section
on the board, one for each detector. \\ 16 channel
H>| OpenPET
Differential Receiver — Data
Amplifier (50Q output) I I Connector
HDMI I/O — 4 "
Connector
14 \ 35V Charge
T <—H— Pump
Bias Controller N
|| I
1 Power
H Supply
Temperature Monitor | I (+/-5V)
)
S | U S
e i e e s | e Raspberry
y v pie
— DC Pow;r
—— Bias Voltage
—— Analog Data ADC DAC
——— I2C Bus
| | b

Detector interface board receives differential signals from HDMI-connected detectors
and outputs single-ended signals via SMA or OpenPET connectors
Slow control system manages low level functions of the PET system:

e Controlling SiPM bias voltage and supplying detector power

* Monitoring SiPM bias voltage and current

* Monitoring and (maybe) controlling detector temperature

N
Health Sciences Centre UNIVERSITY
Winnipeg OF MANITOBA =[],

EST.1877
N

Shams et al., M19-77



MR Compatibility Testing

C. MRI Image Homogeneity (%) F. Detector Flood Histograms G. Energy Resolution (%)
SNR M mp MPO M mP MPO Outside MRI FLASH Outside MRl FLASH
SE 148410 15746 154+3  948+03 94.5+03 945+03 3 =
RARE 250+13 243413 250+13 913+09 900+1.7 91.6+0.6 !
FLASH 74+2 752  74+2  883+09 886+0.7 882+0.6
EPI  188+4 159412 164+9  406+03 406+0.1 406+0.2
D. B, Field Maps E. B, Field Maps ]
—M™ — M a
> — MP o — MP ]
£ — 5 — [ |
g MPO 8 MPO
g g N [
o w
° - +300

No significant impact on PET or MR
performance seen in PET/MR testing.

-300

UNIVERSITY

Health Sciences Centre
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Progress with OpenPET

Since the initial firmware release we have been using
the oscilloscope mode to acquire initial data

Created a Matlab GUI to facilitate running the
OpenPET system

Written custom C code to sort data files into format
compatible with our analysis/sorting software

Have successfully acquired data from 8 detectors using
2 detector boards simultaneously

— Currently limited by fact that we only have 2 detector
interface boards (2 more in production)

Health Sciences Centre UNIVERSITY
Winnipeg oF MANITOBA




OpenPET vs. NIM Electronics

Comparison
NIM

Detector X s

Fast Amplifiers
Phillips Scientific 778

Fan-In Amplifier
Phillips Scientific 740

Constant Fraction Discriminator
Phillips Scientific 715

* Oscilloscope mode capture
esytec _ °Trigger Analog to Digital . .
g e Sampl and ol i  24-32 ADC samples acquired per trigger

* Energy for each channel taken as max
ADC sample — 1 baseline value
* TDC values not currently used

Liu and Goertzen, IEEE TNS, 61:35-43, 2014

Health Sciences Centre UNIVERSITY
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NIM vs OpenPET: Flood Images

NIM OpenPET

Health Sciences Centre UNIVERSITY
Winnipeg oF MANITOBA
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NIM vs. OpenPET: Energy Resolution

Back Layer Photopeak Position

2 4 6 8 10

Back Layer Photopeak Position

OpenPET

2 4 6 8 10

&
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Top Layer Photopeak Position

55

4.5

35

2600

2400

2200
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1600

1400
2 4 6 8

Back Layer Energy Resolution

2 4 6 8 10

ack Layer Energy Resolution

Health Sciences Centre
Winnipeg

Top Layer Energy Resolution

Top Layer Energy Resolution

25
| Bottomlaver | Toplaver |
Photopeak Energy Photopeak Energy
20 amplitude Resolution amplitude Resolution
Mean 2123 12.5% 2178 12.6%
St. Dev. 20 0.7% 28 1.1%
.« Max 2638 21.3% 2577 27.3%
Min 1572 9.9% 1391 8.4%
10

2

4

o

s}

2 4 6 8

24

@ | Bottomlayer | Toplayer

2 Photopeak Energy Photopeak Energy
" amplitude Resolution amplitude Resolution
Mean 4.84V 11.6% 5.08V 12.5%
5 St. Dev. 0.67V 1.1% 0.57Vv 1.7%
.. Max 5.93V 14.1% 6.00V 25.0%

Min 3.03V 9.6% 3.52V 10.2%

UNIVERSITY
oF MANITOBA




Current Limitations

e Current implementation acquires 32 samples x 16
channels per trigger + TDC sample.

* Data packet size is 531 words x 4 bytes/word =
2124 bytes/event

— 2 start words

— 16 x 32 ADC sample words (512 ADC words)
— 16 TDC sample words

— 1 end word

e Maximum event rate over 40MB/s USB2 is
~18.8kcps @2.1 kB/event

Health Sciences Centre UNIVERSITY
Winnipeg oF MANITOBA




OpenPET Firmware Development Focus

* The oscilloscope mode firmware allows for
creating user defined oscilloscope modes.

* Over the next few months we plan to work within
the framework of the oscilloscope mode to
implement support for higher data rates in our
system in a multi-step process.

* The key advantage to this approach is that we
can completely recycle the existing oscilloscope
mode event packager and commands

Health Sciences Centre UNIVERSITY
Winnipeg oF MANITOBA




Step 1: ‘Board level mode’

* We recognize that the only information we need
for each channel is (max — baseline)

* |n this mode, the data packet will consist of 35
words x 4 bytes/word = 140 bytes/event
— 2 start words
— 16 max — baseline values
— 16 TDC samples
— 1 end word

* Maximum event rate over 40MB/s USB2 is ~285
kcps @ 140 B/event

Health Sciences Centre UNIVERSITY
Winnipeg oF MANITOBA




Step 2: ‘Detector level mode’

Each detector board supports 4 detectors, arranged as 4
groups of 4 channels/detector.

In this mode, we will modify the event triggering so that a
trigger only processes and packets data from the 4 channel
group generating the event.

The data packet will consist of 8 words x 4 bytes/word = 32
bytes/event

— 2 start words

— 4 max — baseline values

— 1 TDC sample

— 1 end word

Maximum event rate over 40 MB/s USB2 is ~1.25 Mcps @
32 B/event

Health Sciences Centre UNIVERSITY
Winnipeg oF MANITOBA




Summary

 We have successfully used the OpenPET system
to acquire data from 8 detectors simultaneously
at an aggregate rate of ~15 kcps.
— Flood image quality and overall performance is

slightly degraded from NIM based acquisition, but will
be suitable for our PET insert system.

* We have defined a plan to work within the
existing oscilloscope framework to increase our

event rate capability to 285 kcps in step 1 and
1.25 Mcps in step 2.

Health Sciences Centre UNIVERSITY
Winnipeg oF MANITOBA




Our OpenPET Development Priority
(i.e. ‘Wish’) List
* Time tag status words

— Currently it is only possible to get coincidences for
events from a single detector board due to the
lack of global time stamps in the data stream

* Developer’s Guide

— Publishing this would be very helpful for allowing
us to formalize code contributions

Health Sciences Centre UNIVERSITY
Winnipeg oF MANITOBA




Ph.D.

Health Sciences Centre
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OpenPET for C-SPECT
a Cardiac SPECT/TCT Imaging System

Kosta Popovic*, Roger Arseneau, Michael Rozler,
Sankar Poopalasingam, Wei Chang

Rush University Medical Center, Chicago IL

11/13/2014
OpenPET Users Meeting, IEEE MIC 2014, Seattle, WA



Our project

C-SPECT: Dedicated, high performance ()
cardiac SPECT/TCT platform X-ray

source

\

Improve cardiac SPECT performance
through sensitivity increase without
resolution loss

Large area curved Nal (Tl) detector
focusing on a small cylindrical volume

— 130 cm arc, 17 cm axial length

— 14 modules (9.3x17 cm)

High resolution: 2.5 mm pixel pitch
Multiplex ratio = 217 pixel/PMT (2”)

TCT with same detector requires high CR
capability




OpenPET OpenPET
DB SB




Our project, contn’d

e System overview, Oral presentation M17-1,
Friday 10:30am @6A - Michael Rozler

* Detector overview, poster presentation M19-16,
Friday 2pm @4B - Kosta Popovic

* Interchangeable slit-slat collimator, poster

oresentation M19-26, Friday 2pm @4B - Sankar
Poopalasingam




Why use OpenPET

e Modular and scalable DAQ interface for NM
R&D projects

* Performance capability fits our needs

— Multi-module parallel operation
— 40 MHz 12-bit ADC

* Good timing



C-SPECT status, Fall 2014
- 3-detector module -




Oscilloscope mode data

SEe 512~

@e T i o)
500-|

I ' ' |
200 220 240 256

Decoding maps from the 3-detector module

— Using native OpenPET firmware and code —

— Custom FPGA code to handle our system requirements (sum trigger,
pixel ID, edge event module ID, variable event integration time for
pileup correction (crucial for CT)...

— Expand to 14x 16ch DBs (... or 7x 32ch DBs)




Summary and Acknowledgements

* Promising early results with OpenPET DAQ and
first release firmware/code

* Customizing FPGA code and ease of expansion
of the DAQ will accelerate our imaging system
development and translation to actual clinical
studies

* Thanks to Seng, Qiyu and Faisal for help on
setting up the system at Rush, and continued
support in troubleshooting the OpenPET
utilization in our SPECT/TCT system



Questions and Comments
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Projects at UC-Davis Interested in

OpenPET
- Small animal PET systems
— High resolution brain PET Dgﬁgdgfgg;;“e%d;'g?
— PET/MRI system
 Breast PET/CT Systems Using cetector modules

~ 1900 detector modules

» Explorer Scanner TOF capable
Single ended DOI
Operation in single mode
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Equipment at UC Davis

Detector board (DB) Support board in crate (SB)

16 channel analog

P 1
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Initially Performed Tests

All tests are done using 16-channel oscilloscope mode

 Tests with pulse generator

— Get familiar with system
— Investigate system linearity and channel variation

« ADC linearity is excellent !
< 1% variation across channels

« System responds as expected.
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Further Tests with Block Detector

+ Test with a 4-channle anger readout detector
(SIPM based) .
— 8x8 LSO array (1.5x1.5x6mms3) e 111\\
— 3x3 SiPM array (3x3 mm?) S
— 4 channel ABCD
— 1 fast timing channel

— Acquire flood histograms
— Investigate trigger schemes
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Results (Block Detector)

Inconsistent triggering was observed leading to artifacts in floods
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Results (Block Detector)

Inconsistent triggering depends on trigger threshold and pulse length

Scans: 23696

Group 4 channels:

Store wave form ‘

Output mode:

MB:

Max (single peak ¥ 5|0 |DB: 5|5 |Cha:5{0 | Scans: 55292

‘ Batch Processing

Group 4 channels:

200 300 400

%10 | Scans: 31595

Group 4 channels:

I Store wave form

i
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Results (Block Detector)

Consistent triggering using fast timing signal

MB: 5|0 |DUC:|0 |DB: {5 |{hai-'B | Scans:|15797 Output me
Scan numberto display | 950 Group 4 channels: ‘m
34_ |I'|
II I.'I
30' [\ Fast signal
II [
to trigger

- ] [}
70 775

MB: 50 |DUC: 5|0 |DB: 5|5 |Cha:~0 | Scans: 15797 Output mod
Scan numberto display: - Group 4 channels: [ Store wave fomn

signals
for flood

1800 sec acquisition
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Next Steps and Wish-list

* Resolve triggering issue to acquire consistent data

» Features to reduce data size (increase bandwidth)
« Add option to select number of channels to be acquired in
oscilloscope mode
* Provide single event mode with onboard X/Y and Energy
calculation

* Implement CFD with ~ 500ps resolution
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Thanks for your attention...
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